In this paper a new matrix-based method is proposed for identification of radar pulse train. The proposed method, which is called NASH, can be used to identify the PIU for constant, staggered, and jittered si@.
Introduction:
Pulse train identification is a main patt in ESM (Electronic Support Measure) systems, which has drawn the attention of many researchers in recent years [l-41. An ESM system usually consists of three sections, namely clustering, deinterleaving and identification.
Clustering and deinterleaving means separation of arriving pulses into some pulse trains, associating each one to specific radar [SI. These two steps may be done separately or simultaneously on basis of pulse features, e.g. pulse-amplitude (PA), pulse-width (PW), radiofiquency (RF) and pulse angle-ofarrival (AOA). After grouping input pulses, each pulse train must be characterized. Characterization of the radar system, which has sent the pulse train, is usually called identification. The main character that must be specified during identification is PRI (pulse-repetitioninterval), which may be constant, staggered or jitter type. A sufficiently large number of samples must be taken for exact identification. Having numerous pulses results in a huge computation in the identification step.
On the other hand ESM system must act as real time system, so the time of operation is vital. Many different techniques are introduced by researchers for pulse identification. The most 0-7803-7527-0/02/$17.00 a2002 IEEE. parameters that must be adjusted adaptively. Since some harmonic always appear in histogram, results for non-adjusted parameters would be incorrect. On the other hand many computation steps are needed for sequence search and it inherently cannot be performed in parallel manner. Recently a matrix-based method is proposed by Ray [8] , which has ovefcome the above drawback.
In [8] the matrix of differences of TOA, ATOA , is defined as follows:
Where N denotes the number of pulses. The properties of ATOA-' and its relation to PRI of input pulses were discussed. The proposed method in [8] can simplify the identification and also has ability of Snding location of missing pulses. Clearly the ability of determining the missing pulses' location is analogues to inability of averaging pulses' features. On the other hand matrix operation can be done in parallel manner, which results in obtaining a real time identifier. The main drawback of proposed method in [8] is the lack of interpreting non-uniform PRI, especially in staggered signals. The RAY'S method will be explained in detail in next section. The harmonic matrix, HM, is a Toeplitz matrix, whose inverse for extremely large value of matrix size would always be tri-diagonal matrix. All main diagonal elements of HM-lare equal to -1 except its two corner elements. For extremely large number of received pulses, N , the two comer elements in main diagonal approach -0.5. Also for fmite value of N the two top-right (TR) and bottom-left (BL) elements are non-zero but for extremely large number of N the TR and BL comer elements of matrix approach zero. Inversion of Equation (3.1) yields:
In Equation (3.2) PRZ is scalar, so above properties of HM-'will propagate to ATOA-'. The main conclusion in [8] expresses that trace of ATOA-'k equal to (N-l 
NASH Identification Method:
As expressed in previous section the properties of ATOA-Iis due to the properties of the inverse of harmonic matrix, which in general case is NDT-I. Since this geneml matrix also contains information of pulses' arrival time, it may be used for identification of input signals. In the rest of this section we discuss the main properties of NDT and propose an algorithm for extracting PRI's of staggered signals. Equation = (-24 -I) q-,
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Conclusion:
Pulse train identification is a time-consuming job in ESM systems, considering the real-time operation of such systems. So much research has been c a n i d out to find more rapid algorithm for pulse identification. In this paper we offer a new matrix-based algorithm by defining PRI matrix (PM) and a general harmonic matrix (NDT), with their product making the difference time of arrival matrix ATOA .
We have discussed the properties of NDT-' and have
proposed an algorithm to find the PRI of input pulses.
The proposed method can be applied for staggered signals as well as constant PRI signals while the previous matrix-based method can only be used to identify the constant PRI signal.
The computational complexity of the proposed algorithm was studied. It was shown that the computational complexity is less than non-matrixbased methods. Also the proposed method is straightforward for iden-g the staggered signal, which is the main lack of the previous matrix-based method. Systolic array is the most used parallel structure for matrix operation [10, 11] , so an area for future study is the implementation of proposed algorithm on a systolic array. Another area for further study is investigating the effects of noise on the system. One can compute the error caused by noise on the pulses as a function of the level of noise in the system.
